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TITLE 

TYRE COMPRISING TIRE HAVING A DEFORMATION SENSOR^ND 
TYRE E V ALUATION METHOD , AND METHOD OF EVALUATION OF 
THE DEFLECTION OF A TIRE 

[0001]The invention conc e rns a tire provided with a capacitativ e s e nsor, a tir e 
provided with a deformation sensor, a deformation sensor and a process for 
evaluating the deflection of a tire. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[00011 f OOQ24 The invention concerns a tire provided with a capacitative sensor, a 
tire provided with a deformation sensor, a deformation sensor and a method for 
evaluating the deflection of a tire. More precisely, the invention concerns a tire 
provided with a capacitative sensor comprising two substantially parallel 
electrodes, the said-capacitative sensor being carried by a sidewall of the tire. 

Related Art 

[00021 f 0003I-"Deflection of a tire" means the amplitude of the vertical 
deformation of the tire under load. Measurement of the deflection allows te 
approximately know the determination of the approximate load on the tire at a 
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given inflation pressure. Now, the The load on a tire is an important parameter^ 

because exceeding the maximum recommended load can adversely affect the 

tife^s-endurance adv e rsel y of the tire . In the case of large tires, for example tires 

fitted on heavy vehicles or construction machinery, the maximum load for which 

the tire is designed is generally used to indicate loading limits. 

[00031 f OOQ44During a rolling phase,, the tire is subjected to forces in three 

directions: 

a vertical or radial force under the effect of the load imposed by the vehicle, 
a horizontal force orientated along the rolling direction, also called the 

ortho-radial shear force, produced by a torque applied to the tire, for example due 

to the acceleration of the vehicle, and 

a horizontal force perpendicular to the rolling direction, also called the 

axial shear force, produced by making the tire drift, for example when the vehicle 

is rounding a bend. 

[00041 f OOOStAt a given point of the tire the ortho-radial direction is the 
direction perpendicular to the axis and to a radius passing through the said point. 
[00051 f 0006}From the prior art, in particular from the docum e nt WO 
02/05771 1, U.S. Patent No. 6,958,615 (counterpart to WO 02/05771 1\ which is 
hereby incorporated by reference, a tire is already known which is provided with 
a capacitative sensor comprising two substantially parallel electrodes arranged 
radially on a sidewall of the tire. The capacitance value of such a sensor varies as 
a function of the distance between the two electrodes. Consequently, by fixing 
such a sensor on a sidewall of the tire, the signal furnished by the sensor is a 
function of the deformations of the sidewalls of the tire. 

[00061 fOOOTlThe sensor of the prior art is equally sensitive to the three above 
forces to which the tire is subjected. In effect, the variations of the signal 
furnished by the sensor due to each of the three forces are of the same order of 
magnitude. 

[00071 fOOO&lThus, the signal depends on the elementary contributions of each 
force. Current methods then enable the circumferential extension of the tire to be 
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determined, for which the values of the forces on the tire and of its deflection are 
deduced empirically, in particular by neuren neural networks. 
f0008] f QOQjHThese methods give satisfactory results, but they are 
complex complicated to put into practice. Thus, in applications in which only a 
measurement of the deflection of the tire is needed, the known methods are not 
appropriate. 

[00091 [OOlOlIt is also worth mentioning patent Patent application EP 1186853, 
w f hich protects 1 186853 relates to an arrangement that measures the sidewall 
deformations by means of sensors external to the tire. Two magnitudes seem 
accessible from such an arrangement: the deradialisation of the carcass cords that 
reinforce the sidewalls of a tire, and the distance between the sensors and the 
sidewall. No application to measurement of the deflection is mentioned in the 
document, and in the objective section, no precise limitation is given concerning 
the position of these external sensors. 

[00101 f OMtlThe purpose of the present invention is to overcome these 
drawbacks by providing a tire with a capacitative sensor which enables the 
deflection of the tire to be measured in a simple way. 

SUMMARY OF THE INVENTION 
[00111 [00121To that end, the One object of the invention is to provide a tire 
provided with having a capacitative sensor comprising two substantially parallel 
electrodes, the capacitative sensor being carried by a sidewall of the tire, 
characterized in that the electrodes of the sensor are located substantially in a 
plane perpendicular to the rotation axis of the tire and are substantially orientated 
in an ortho-radial direction. 

[00121 f OM^The inventors have found, first, that the signal furnished by a 
capacitative sensor of a tire according to the invention is much more sensitive to 
sidewall deformations produced by a vertical force on the tire than to sidewall 
deformations produced by a horizontal force on the tire. The inventors combined 
this with the fact that the sidewall deformations produced by a vertical force on 
the tire are directly related to its deflection, to arrive at the conclusion that for a 



-4- 



given angular position of the sensor, there is a bijection between the range of 
values furnished by the sensor and the range of values adopted by the deflection. 
[00131 f 0M44In other words, the tire according to the invention furnishes a 
signal which indicates the deflection directly, i.e.,. without calculation. 
[00141 fOOl^jA tire provided with a capacitative sensor according to the 
invention can also have one or more of the following characteristics: 

the sensor's electrodes ar emav be filamentary electrodes; 

the electrodes ar emay be filaments of conductive rubber, flexible in 
bending and in tension so that the mechanical function of the tire is not interfered 
with; 

the electrodes ar emay be strip electrodes; 
the electrodes are mav be rectilinear; 

the electrodes are mav be circular arcs substantially concentric with the 
rotation axis of the tire; 

the two electrodes ar emav be embedded in an elastomeric body forming a 
dielectric, the sensor being configured so as to facilitate displacements of one 
electrode relative to the other; 

the elastomeric body has may have a slot between the two electrodes; 

the sensor i smay be provided with a flexible conductive envelope 
connected to a fixed potential, designed to limit electromagnetic interference; and 

the conductive envelope comprises mav comprise conductive particles 
embedded in the elastomeric body, these conductive particles beings for example^ 
carbon black or metallic particles. 

[00151 f OftMlThree zones on the sidewall of the tire are distinguished: a bottom 
zone corresponding to the radially innermost part of the sidewall, in which the 
rubber is very rigid, a zone of maximum flexure, which undergoes the most local 
bending when the tire is under load, and an intermediate zone. The zone of 
maximum flexure is near the tke^s-equator of the tire , i.e. a the place where itthe 
tire is widest. 

[00161 W MrTlThe intermediate zone of the sidewall of the tire also bends when 
the tire is subjected to a load. The inventors of the present invention found, 
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however, that the local deformation of that zone measured by a capacitative 
sensor according to the invention is even less sensitive to horizontal forces than 
the local deformation measured at other zones of the sidewalls of the tire. 
[00171 j QQjr&Ut is therefore advantageous for the capacitative sensor to be 
located on a part of the side wall of the tire between a bottom zone and a zone of 
maximum flexure. 

[00181 f00191A furthe r Another object of the invention is to provide a tire 



arranged to furnish a value characteristic of the local bending of part of the 
sidewall of the tire in a plane containing the axis of the tire. 
[00191 f 00201" Local bending" of part of the sidewall of the tire means the 
variation in the curvature of that part of the sidewall of the tire. The local 
bending is a local measurement that depends on the part of the sidewall in 
question, in contrast to the deflection, which is an overall measurement relating 
to the tire and the forces to which it is subjected. 

[00201 f002t|"Value characteristic" of the local bending means a value 
furnished by the senor at a given moment, to which there corresponds one and 
only one curvature of the part of the sidewall of the tire concerned. There is 
therefore a bijection between the range of instantaneous values furnished by the 
sensor and the range of curvatures adopted by the part of the sidewall of the tire 
concerned. 

[00211 [00221Now, there There is also a bijection between the range of 
curvatures adopted by the-said part of the sidewall of the tire and the range of 
values adopted by the deflection of the tire. 

[00221 f 0023}Consequently, the existence of these two bijections shows that a 
tire provided with a deformation sensor according to the invention enables the 
value of the deflection of the tire to be obtained in a simple and direct manner. 
[00231 f OOMlOwing to the geometry and positioning of its electrodes, a 
capacitative sensor positioned on the sidewall of a tire according to the first 
object of the invention^ as defined eartie rabove, satisfies the definition of a sensor 




shaving a deformation sensor, characterized in that the sensor is 
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arranged to furnish a value characteristic of the local bending of part of the 
sidewall of the tire in a plane containing the axis of the tire. 
[00241 [00251 A tire provided with a deformation sensor according to the 
invention can also have one or more of the following characteristics: 

the sensor is may be located on the part of the sidewall of the tire whose so 
that the sensor furnishes a value characteristic of the local bend ing; 

the part of the sidewall of the tire whesewhere the sensor furnishes a value 
characteristic of the local bending is may be located between a bottom zone and a 
zone of maximum flexure. 

[00251 fMMtA further object of the invention is a deformation sensor 
comprising two substantially parallel electrodes embedded in an elastomeric body 
which forms a dielectric, characterized in that it is configured so as to facilitate 
the displacements d isplacement of one el e ctrode of the electrodes relative to the 
other, thus allowing better sensitivity to bending. 

[00261 f 002?}A deformation sensor according to the invention can also have one 
or more of the following characteristics: 

the configuration for facilitating displacement of one e l e ctrod e of the 
electrodes relative to the other consists o f may comprise a slot between the two 
electrodes in the elastomeric body; 

the deformation sensor i smay be provided with a flexible conductive 
envelope connected to a fixed potential and designed to limit electromagnetic 
interference; and 

the conductive envelope comprises may comprise conductive particles 
embedded in the elastomeric body, these conductive particles being for example 
carbon black or metallic particles. 

[00271 fQ0284A further object of the invention is a process method for evaluating 
the deflection of a tire, comprising a stag estep in which the local bending of part 
of the sidewall of the tire is measured, in a plane containing the axis of the tire. 
[00281 fQQ2*HA process method for evaluating the deflection of a tire according 
to the invention can also comprise the characteristic according to which may also 
be characterized in that the part of the sidewall of the tire whes ewhere the local 
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bending is measured^-i s may be located between a bottom zone and a zone of 
maximum flexure. 

[00291 f OOMt According to a particular embodiment, a process method for 
evaluating the deflection of a tire according to the invention comprises a 
stage step in which the pressure of the tire is measured. Measurement of the 
pressure enables the precision to be improved when evaluating the deflection. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[00301 f 00344The invention will be better understood on reading the description 
below, which is given only as an example and which refers to the attached 
drawings in which: 

Fig. 1 is a schematic representation of a tire provided with a deformation 

sensor; 

Fig. 2 is a schematic view of a radial section of an unloaded tire; 
Fig. 3 is a schematic view of a radial section of a tire under load; 
Fig. 4 is a schematic perspective view of a bifilamentary sensor; 
Fig. 5 is a schematic sectional view of a tire provided with a bifilamentary 

sensor; 

Fig. 6 is a schematic sectional view of a tire under load provided with a 
bifilamentary sensor; 

Fig. 7 is a graph representing the signal furnished by the bifilamentary 
sensor during a revolution of a tire provided with the sensor; and 

Fig. 8 is a schematic sectional view of a tire provided with a deformation 
sensor according to another embodiment. 

DETAILED DESCRIPTION OF THE INVENTION 
[00311 I00334A rubber tire designated by the general ind e x reference number 10, 
provided with a device that enables the deflection to be measured, is represented 
in Fig. 1. The tire is a vehicle tire., but the invention can be applied to any type of 
tire. 
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[00321 fQ033fThe part of the tire intended to be in contact with a road during 
normal use of the tire is called the tread. The deflection of a tire is the amplitude 
of its vertical deformation when subjected to a load. 

[00331 f OQ341This deflection measurement device comprises a deformation 
sensor 12 arranged on the sidewall of the tire, a measurement box 14 that receives 
information from the deformation sensor 12, and a rotary collector 16 which 
enables that information to be transmitted to a receiving box 1 8 connected to a 
processor device 20 which provides measurement of the deflection as a function 
of the data received. 

[00351This processor device 20 is for example The processor device 20 may be, 
for example, a computer. 

[00341 f Q03&[The deformation sensor can be arranged at any point on the 
sidewall, either on the inside sidewall or on the outside sidewall of the tire. 
[00351 fQ&y^The sidewall of the tire 10 can be divided into three zones as 
represented in Figs. 2 and 3. 

[00361 W)3&iA first zone, said to be the bottom zone 22 of the tire 10, is located 
at the innermost part of the sidewall. This bottom zone, which generally consists 
e fcomprises a very rigid rubber, contains steel bead-wires 24 whose function is to 
ensure the mechanical stability of the tire. 

[00371 f£034HA second zone, called the zone of maximum flexure 26, is located 
approximately at the tire's equator, i.e.,, at the place where it is widest. It is in 
this zone that the bending of the sidewall of the tire 10 is maximum when it is 
subjected to a load, as shown in Fig. 3. 

[00381 fQQ4(HFinallv, there is a third zone called the intermediate zone 28, 
located between the zone of maximum flexure 26 and the bottom zone 22 of the 
sidewall of the tire. This intermediate zone 28 has the advantage of being more 
flexible and thus undergoing larger deformations than the bottom zone 22 of the 
sidewall of the tire 10, but is less sensitive to forces due to acceleration and bends 
than the zone of maximum flexure 26 of the sidewall. 
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[00391 f flMHIt is therefore advantageous for the deformation sensor 12 to be 
arranged so as to measure the local bending of that intermediate zone 28 in a 
plane containing the axis of the tire 10. 

[00401 f 00424The deformation sensor used, which will be described later, is 
small enough to fit entirely within the intermediate zone of the sidewall. 
[00411 f 0043|The zone of the tread of the tire that is in contact with the road at a 
given instant is called the contact area. 

[00421 f 00444When the tire is subjected to a vertical load, its sidewalls, which 
connect the contact area of the tread to the centre of the tire, bend. This is often 
spok e n of as referred to as the "rabbit's belly". The rabbit's belly zone is the part 
of the sidewall of the tire which bends. This rabbit's belly zone extends over an 
angular sector measuring approximately 60°. 

[00431 ffl0454When the tire fitted with a deformation sensor is rotating, the 
sensor, located on the intermediate zone of the tire, describes substantially a 
vertical circle. In particular the sensor passes through two characteristic points: 
the top and the lowest point of this circular path. 

[00441 jQQ4fr[Bending is maximum when the sensor is at the lowest point in its 

path, i.e.., when it is located in the middle of the rabbit's belly zone. 

[00451 f 00471Along the remainder of the path, the part of the sidewall of the tire 

on which the sensor is located is substantially at rest. The sidewall of the tire is 

at rest along an angular sector measuring approximately 300°. 

[00461 f004&[During a rotation of the tire., the value of the local bending of the 

sidewall of the tire changes continuously between the two extreme values. It 

increases when the sensor is moving between entering the rabbit's belly zone and 

the middle of that zone, and decreases between the middle of the rabbit's belly 

zone and its emergence from that zone. 

[00471 f flQ4*HThe signal s(0) furnished by the deformation sensor 12 during the 
rotation of the tire 10 is thus a periodic signal of period 360°. This signal is 
represented as a function of the angle of rotation 0 of the tire in Fig. 7. 
[00481 f OOSOlIn this periodic signal the point of particular interest is a signal 
value S(0 O ), where Go is a constant angle between 0° and 360°, for example a 



- 10- 



signal value when the sensor is at the middle of the rabbit's belly zone. That 
value corresponds in principle to the maximum local bending of the sidewall of 
the tire. 

[00491 f 005j4As already explained, the inventors found that the value of the 
maximum local bending is related directly to the deflection of the tire. Thus, a 
measurement of the maximum local bending enables the value of the deflection 
to be obtained. To improve the precision of the deflection it is advantageous to 
take the pressure of the tire into account. 

[00501 f 00521The relationship between these three data can be obtained by 
means of a neure nneural network, or more simply from a table of values filled in 
empirically. 

[00511 f OftSWJnder normal conditions of use the tire is not rolling on a perfectly 
flat road and the maximum local bending is not always obtained when the sensor 
is in the middle of the contact area. The results can therefore be averaged using 
the local bending measurements for several rotation angle values, or the value of 
the integral of the periodic signal over a period can be used. 
[00521 f O054tThe deformation sensor 12 used is a capacitative sensor 
comprising two parallel filamentary electrodes. This is called a bifilamentary 
sensor. The-saM bifilamentary sensor comprises two parallel, flexible conductive 
filaments 30 embedded in an elastomeric body 32 forming a dielectric. The 
sensor acts as a condenser whose capacitance varies as a function of the 
separation of the two filaments 30. When the sensor 12 undergoes deformations, 
the separation between the two filaments varies and so, therefore, does the signal 
it furnishes. 

[00531 j 0ft55|The conductive filaments are flexible in bending so as not to 
interfere with the mechanical function of the tire and not to have any adverse 
effect on its endurance. 

[00541 fO#5€4The bifilamentary sensor is connected to the measurement box 14 
by screened leads so that variation of the distance between the leads does not 
modify the value of the sensor's capacitance measured by the measurement box 
14. 
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[00551 f00571To improve the sensitivity of the bifilamentary sensor to 
deformations, it comprises a slot 34 in the elastomeric body located between the 
two filaments 30, parallel to each of them. This slot facilitates the displacement 
of one filament relative to the other. 

[00561 f OQSSlThe sensor 12 is used to measure the local bending of the sidewall 
of the tire 10 in a plane containing the axis of the tire 10. The tire's sensor 12 is 
therefore arranged projecting from the tire 10 in such a manner that the filaments 
30 of the sensor lie substantially in a plane perpendicular to the axis of the tire 
and are substantially orientated along an ortho-radial direction. 
[00571 f QOSjHThus, when the part of the sidewall of the tire on which the sensor 
12 is located is at rest, as shown in Fig. 5, the bifilamentary sensor too is at rest 
and the two filaments 30 are a certain distance apart. When the part of the 
sidewall of the tire on which the sensor is located is under load, as shown in Fig. 
6, its deformation brings the two filaments 30 of the bifilamentary sensor 12 
closer together. It is then found that the slot 34 in the elastomeric body 32 of the 
bifilamentary sensor 12 is narrower. During the rotation of the tire 10, the 
bifilamentary sensor 12 therefore changes periodically between a bent position 
and a rest position. 

[0060] During the rotation of the tire 10, the bifilamentary sensor 12 therefore 
changes p e riodically betw e en a bent position and a rest position. 
[00581 [0061]Bes ides , th e The deformation sensor can also be provided with a 
flexible conductive envelope 36 connected to a fixed potential in order to 
attenuate electromagnetic interferences. In particular, conductive particles can be 
embedded in the rubber of the tire to form this conductive envelope. These 
particles can be for example carbon black, or metallic particles. 
[00591 fQQ624According to a variant illustrated in Fig. 8, the bifilamentary 
sensor 12 is arranged projecting from the sidewall of the tire 10 in such a manner 
that the filaments 30 of the sensor lie substantially in a plane containing the axis 
of the tire and are substantially orientated along a radial direction. For the 
bifilamentary sensor to be sensitive only to bending of the sidewall of the tire in a 
plane containing the axis of the tire, it is indispensable that the filaments must 
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project. Thus, when the sidewall of the tire bends, the sensor is stretched and the 
two filaments move closer together. Since the sensor projects from the tire, shear 
forces in the rubber of the tire have no effect on the distance between the two 
filaments* and the sensor is therefore mainly sensitive to bending. 
[00601 f0M34Of course, any slight deviation of the shape and orientation of the 
filaments of the bifilamentary sensor, for example due to manufacturing 
tolerances, is acceptable. 

[006 4 ]Note, finally, that the inventio n is n o t limited to the embodiments 
described above. 

[00611 [00651In effect The invention is not limited to the embodiments described 
above. For example, the sensor can be associated with an electronic circuit 
carried by the tire, which can carry out on-board processing. By virtue of the 
electronic circuit, the sensor can operate automatically* so that it is no longer 
necessary to have the rotary collector, the receiving box or the processor device* 
as described above . The electronic circuit comprises* for example* means for the 
storage of measurements and means for transmitting the stored measurement to a 
computer of the vehicle. 



ABSTRACT 



[00621 f QQ66fThe invention concerns a tire (4-9)~provided with a capacitative 
sensor (12) comprising including two substantially parallel electrodes-(3£) ? the 
senso r (12) being carried by a sidewall of the tire. The sensor's electrodes (£0}of 
the sensor lie substantially in a plane perpendicular to the rotation axis of the tire 
and are substantially orientated in an ortho-radial direction. 
[0067]The invention also concerns a tir e provid e d with a d e formation s e nsor, a 
process for evaluating the deflection o f a ti re, and a deformation sensor (12). The 
invention also concerns a tire provided with a deformation sensor, a method for 
evaluating the deflection of a tire, and a deformation sensor. 
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